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http://dx.doi.org/10.1016/j.pedneo.2Background: Preterm neonates are at high risk of vitamin deficiencies, which may expose them
to increased morbidity and mortality. This study aimed to determine the prevalence and risk
factors for vitamin A, E, and D deficiencies in Tunisian very low birth weight (VLBW) neonates.
Methods: A total of 607 VLBW and 300 term neonates were included in the study. Plasma vita-
mins A and E were assessed by high performance liquid chromatography and vitamin D was as-
sessed by radioimmunoassay.
Results: Prevalence of vitamin A, E, and D deficiencies were dramatically elevated in VLBW neo-
nates and were significantly higher than term neonates (75.9% vs. 63.3%; 71.3% vs. 55.5%; and
65.2%vs. 40.4%, respectively). In VLBWneonates, theprevalenceof vitamin deficiencieswas signif-
icantly higher in lower classes of gestational age and birth weight. Vitamin E deficiencywas associ-
ated with pre-eclampsia [odds ratio (OR) (95% confidence interval, 95% CI), 1.56 (1.01e2.44);
p< 0.01]andgestationaldiabetes [4.01 (1.05e17.0);p< 0.01].VitaminDdeficiencywasassociated
with twinpregnancy [OR (95%CI), 2.66 (1.33e5.35);p< 0.01] andpre-eclampsia [2.89 (1.36e6.40);
p < 0.01].of Biochemistry, Rabta Hospital, 1007 Jebbari, Tunis, Tunisia.
n (M. Feki).
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Vitamin deficiency in VLBW neonates 197Conclusion: Vitamin A, E, and D deficiencies are very common in Tunisian VLBW neonates and are
associated with pre-eclampsia. Improved nutritional and health support for pregnant women and
high dose vitamins A, E, and D supplementation in VLBW neonates are strongly required in Tunisia.
Copyright ª 2013, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Vitamins A, E, and D are vital nutrients for humans. Vitamin
A (VA) is involved in vision, immune function, and cell
growth and differentiation.1 Vitamin E (VE) is a powerful
antioxidant protecting cellular structures and functions
against harmful effects of free radicals. It also acts as a
regulator of signal transduction and gene expression.2
Vitamin D (VD) is involved in phosphate and calcium ho-
meostasis, bone metabolism, and immune function.3 De-
ficiencies in these vitamins are considered to be risk factors
for various diseases such as cardiovascular, infectious and
bone diseases, and cancer.1,3,4
Preterm neonates, especially very low birth weight
(VLBW) neonates, are at high risk of nutritional de-
ficiencies, which could alter their development and health
during the neonatal period and for their whole life. Preterm
infants have inadequate vitamin status, which may expose
them to increased risk of morbidity and mortality.4e9
Accordingly, vitamin supplementation is strongly recom-
mended in these neonates.10 Most data about vitamin sta-
tus, its relationship with health, and vitamin requirement in
preterm infants are based on studies from Western pop-
ulations that differ from those of undeveloped and devel-
oping countries in terms of living standards, nutritional
habits, and genetic factors.
Few data suggest that vitamin deficiencies are more
frequent in preterm neonates from developing
countries.11e13 Tunisia is a developing country where pre-
maturity affects 5% of under-fives and low birth weight is
approximately 5.4%.14 During recent years, socioeconomic
level, nutrition, and health have improved.15,16 However,
micronutrient deficiencies such as iron deficiency remain
frequent in Tunisian neonates and children.14 A recent
study showed a low prevalence of vitamin A and E de-
ficiencies in Tunisian children aged 5e7 years.17 However,
no data are available on vitamin status in neonates. This
study was designed to determine the prevalence and risk
factors for vitamin A, E, and D deficiencies in VLBW neo-
nates. Results will provide the first data on vitamin status in
Tunisian infants and will permit making recommendations
to counter vitamin deficiencies in preterm infants from
developing countries.
2. Participants and Methods
2.1. Participants
The study included 607 preterm VLBW neonates (birth
weight < 1500 g and gestational age < 37 weeks) admitted
at the Department of Neonatology and Neonatal IntensiveCare and 300 term neonates (birth weight between 2500 g
and 3500 g) as controls. All neonates were born between
2005 and 2008 in The Center of Maternity and Neonatology
of Tunis. This Center is the most important public maternity
hospital in the Great Tunis region and draws pregnant
women of low to average socioeconomic rank. Malformed
neonates, those with chromosomal abnormality, of birth
weight < 650 g or gestational age < 27 weeks were
excluded. The study protocol was approved by the Ethics
Committee of The Maternity Center and informed consent
was obtained from each mother.
2.2. Data collection
Relevant information was collected from medical records.
It included maternal age, medical and obstetrical history,
and the course of the current pregnancy, term of delivery,
and infant anthropometrical measures. All mothers had
been taking habitual Tunisian foods during pregnancy and
no one had adopted a special diet or had received vitamin
A, E, or D supplements. Pre-eclampsia and gestational
diabetes are defined according to the American College of
Obstetricians and Gynecologists criteria.18,19
2.3. Collection of blood samples
Blood was drawn from neonates within the first hours of life
into EDTA-containing tubes. Blood was collected following
medical prescription for cell count analysis or ABO Rhesus
grouping. After completion of the prescribed analysis, the
tube was recovered (within 2 hours), centrifuged at 1500g
for 20 minutes and plasma was stored at 40C for vitamin
analysis (within 6 months). Vitamins A and E were measured
in all neonates, and vitamin D was measured in 279 VLBW
and 156 term neonates.
2.4. Analytical methods
Plasma vitamin A and E concentrations were measured by
reverse phase high performance liquid chromatography
(HPLC) as described by Driskell et al20 using a Shimadzu
HPLC system (Shimadzu, Kyoto, Japan) and a C18 column
(Shimpack ODS-M; Shimadzu). The method sensitivity was
0.175 mmol/L for VA and 1.16 mmol/L for VE. The long-term
(nZ 30) imprecision (coefficient of variation) was 6.1% and
5.6% at concentrations of 1.65 mmol/L and 2.60 mmol/L,
and 5.8% and 5.1% at concentrations of 26.7 mmol/L and
32.5 mmol/L for VA and VE, respectively. Plasma 25-hydroxy
vitamin D (25-OHD) concentration was measured by radio-
immunoassay (IDS GmbH, Frankfurt, Germany). The sensi-
tivity of the assay method was 3 nmol/L and the
Figure 1 Receiver operating characteristic (ROC) curves for
plasma vitamin A [AUC (95% CI), 0.622 (0.560e0.685);
p < 0.001], vitamin E [0.596 (0.532e0.686); p Z 0.005], and
vitamin D [0.687 (0.628e0.746); p < 0.001] as a function of
prematurity. AUC Z area under the curve; CI Z confidence
interval.
198 S. Fares et alimprecision was <9%. Based on literature data, 6,13,21
vitamin A deficiency (VAD) was considered for plasma
VA < 0.70 mmol/L, vitamin E deficiency (VED) for plasma
VE <7 mmol/L, and vitamin D deficiency (VDD) for plasma
VD <25 nmol/L.
2.5. Statistical analysis
Statistical computations were performed using SPSS version
15.0 for Windows (SPSS Inc., Chicago, IL, USA). The data of
continuous variables were examined for normality using the
KolmogoroveSmirnov test. Continuous variables were
compared using independent samples t test. The relation-
ship between continuous variables was tested using Pearson
correlation. Receiver operating characteristic (ROC) curves
were plotted and area under the curve (AUC) values were
calculated for comparison of plasma VA, VE, and VD ac-
cording to prematurity. Differences between proportions
were evaluated by Pearson Chi-square test or Fisher’s exact
probability test. ManteleHaenszel odds ratio (OR) with 95%
confidence interval (95% CI) was calculated as estimates of
relative risk of VAD, VED, and VDD for several variables. A
p-value < 0.05 based on two-sided calculation was
considered statistically significant.
3. Results
The main maternal factors and characteristics of VLBW
neonates are shown in Table 1. Plasma VA, VE, and VD at
birth were significantly lower in VLBW neonates compared
to term neonates (Figure 1, Table 2). On the contrary, VAD,
VED, and VDD were more frequent in VLBW neonates (Table
2). The prevalence of vitamin A, E, and D deficiencies in-
creases as gestational age and birth weight decrease. VDD
was significantly higher in VLBW infants issued from twin
pregnancy. VED and VDD were significantly more prevalent
in neonates whose mothers suffered from pre-eclampsia,
and VED was more frequent in the case of gestational dia-
betes (Table 3). No differences were observed in preva-
lence of vitamin deficiencies according to sex, mode of
delivery, or antenatal corticosteroids treatment.
4. Discussion
This study showed an extremely high prevalence of vitamin
A, E, and D deficiencies in Tunisian VLBW neonates.Table 1 The main maternal factors and the characteris-
tics of very low birth weight neonates (n Z 607).
Maternal age (y) 31.3 (5.73)
Twin pregnancy 31.9
Antenatal corticosteroids 56.1
Cesarean rate 72.3
Gestational age (wk) 30.3 (2.75)
Birth weight (g) 1203 (215)
Sex ratio (male/female) 0.96
Pre-eclampsia 47.6
Gestational diabetes 5.44
Data are presented as mean (standard deviation) or percent.Compared to term neonates, the risk of VAD and VED was
doubled whereas that for VDD was three times higher.
Several mechanisms may explain vitamin deficiencies in
preterm neonates. Early delivery implies limited vitamin
placental transfer, which would greatly contribute to hypo-
vitaminosis in preterm neonates. Indeed, the maximum of
fetalematernal exchanges occurs during later weeks of
pregnancy when choral membrane is the thinnest through
pregnancy. Low fat-soluble vitamin stores and low levels in
transport proteins and lipoproteins in preterm neonates may
contribute to vitamin deficiencies.22 Vitamins are consumed
during differentiation and maturation of tissues during
pregnancy and after delivery.23 Requirements are greater in
the pretermneonatewho consumesmore nutrients to ensure
maturation and development of its tissues and organs. In
accordance with these data, several studies showed that
VLBW and preterm infants are exposed to a high risk of fat-
soluble vitamin deficiency.6,7,11,13 Currently, supplement-
ing these infants with fat-soluble vitamins is strongly rec-
ommended.24,25 Such supplementation was shown to affect
infants’ growth and health.5,26,27
In the present study, a high prevalence of vitamin de-
ficiencies was observed not only in VLBWneonates but also in
term neonates. Vitamin status of newborns depends mostly
on the mothers’ status, which mainly depends on their
nutritional intake and vitamin supplementation during
pregnancy.12,28,29 VD originates mostly from skin synthesis
under ultraviolet B ray action. Its status depends mainly on
sunlight exposure-related factors such as latitude, season,
dressing habits, and skin color. Data on mothers’ dietary
intake were not collected. However, almost all mothers had
low to average socioeconomic rank andwould therefore have
insufficient vitamin intake. Also, no mother took vitamin
supplements during pregnancy. Sunlight exposure was not
measured inmothers.However, despiteTunisia being a sunny
country, exposure to sunlight is probably limited in most
mothers as they generally wear extensive clothing during the
Table 2 Plasma vitamins A, D, and E and prevalence and
odds ratio for vitamins A, D, and E deficiencies in very low
birth weight neonates compared to term neonates.
Term neonates
(n Z 300)
VLBW neonates
(n Z 607)
Vitamin A Mean (SD)
mmol/L
0.64 (0.29) 0.53 (0.39)*
Vitamin A
deficiency
% 63.3 75.9
OR (95% CI) 1.83 (1.33e2.52)*
Vitamin E Mean (SD)
mmol/L
8.17 (6.28) 6.01 (4.62)*
Vitamin E
deficiency
% 55.5 71.3
OR (95% CI) 1.99 (1.46e2.71)*
Vitamin Dy Mean (SD)
nmol/L
29.8 (15.2) 21.9 (15.3)*
Vitamin D
deficiencyy
% 40.4 65.2
OR (95% CI) 2.77 (1.85e4.15)*
*p < 0.001 (compared to term neonates).
SD Z standard deviation; CI Z confidence interval; OR Z odds
ratio; vitamin A deficiencyZ vitamin A < 0.70 mmol/L; vitamin
D deficiency Z vitamin D < 25 nmol/L; vitamin E
deficiency Z vitamin E < 7.0 mmol/L; VLBW Z very low birth
weight.
y Vitamin D was assessed for 279 VLBW neonates and 156 term
neonates.
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warm seasons. As a consequence, vitamin status would be
generally inadequate in these pregnantwomen. Accordingly,
a recent study on a sample of Tunisians of similar socioeco-
nomic rank showed a high prevalence of hypovitaminosis D in
non-pregnant women, which was attributed to low vitamin D
dietary intake and multiparty.30
The present study revealed that vitamin status is closely
associated with the degree of prematurity. The prevalence
of vitamin A, E, and D deficiencies was significantly higherTable 3 Prevalence and odds ratio (95% confidence interval) f
neonates according to pregnancy-related factors.
n Vitamin A deficiency
% OR (95% CI)
Gestational
age (wks)
> 34 65 43.9 e
30e34 300 77.9 4.52 (2.49e8.23)*
< 30 242 80.8 5.38 (2.87e10.1)*
Birth weight (g) 1000e1500 473 73.9 e
650e999 134 82.4 1.65 (1.01e2.77)*
Twin pregnancy No 432 74.3 e
Yes 175 75.4 0.94 (0.57e1.54)
Pre eclampsia No 318 72.2 e
Yes 289 77.7 1.35 (0.86e2.12)
Gestational
diabetes
No 574 74.0 e
Yes 33 90.9 3.52 (0.81e15.3)
* p < 0.05.
** p < 0.01.
*** p < 0.001.
CI Z confidence interval; OR Z odds ratio; SD Z standard deviatio
deficiency Z vitamin D < 25 nmol/L; vitamin E deficiency Z vitaminin infants of the lowest gestational age and birth weight
classes. The risk of VDD was higher in VLBW infants issued
from twin pregnancies. In accordance, plasma 25-OHD was
lower in women with twin pregnancy than women with
singleton pregnancy.31 Low VD status would be related to
an earlier and larger increase of bone metabolism with a
higher fetal VD demand throughout twin pregnancy. This
study also showed that vitamin deficiencies were more
frequent in VLBW infants issued from mothers who suffered
from pre-eclampsia (VED and VDD) or gestational diabetes
(VAD and VED). No data on the impact of pre-eclampsia and
gestational diabetes on vitamin status in neonates are
available in the literature. However, abundant data support
that vitamin A, E, and D deficiencies during pregnancy in-
crease the risk of these gestational illnesses.32e35 More-
over, periconceptional multivitamin supplements reduce
the risk of pre-eclampsia.36 The mechanisms linking vitamin
deficiencies to pre-eclampsia and gestational diabetes are
still unclear. However, the association is understandable.
As these conditions promote premature birth37,38 and as
prematurity results in vitamin deficiency in neonates, pre-
eclampsia and gestational diabetes could be considered
as risk factors for vitamin deficiencies in preterm infants.
Improvement of vitamin status by increasing vitamin intake
and sun exposure in pregnant women may combat vitamin
deficiency in the neonate through increasing maternal
vitamin status and preventing pre-eclampsia and gesta-
tional diabetes. Improvement of vitamin status by
increasing vitamin intake and sun exposure in pregnant
women may counteract vitamin deficiency in the neonate
through increasing maternal vitamin status and preventing
pre-eclampsia and gestational diabetes.
This study included Tunisian neonates born in a public
hospital, which is the case in approximately two-thirds of
births in Tunisia. As public hospitals usually draw pop-
ulations of low to average socioeconomic rank, these find-
ings are not suitable for neonates of higher socioeconomic
rank, who are generally born in private clinics. Theor vitamins A, D, and E deficiencies in very low birth weight
Vitamin E deficiency Vitamin D deficiency
% OR (95% CI) % OR (95% CI)
38.6 e 56.0 e
** 71.5 3.99 (2.20e7.24)*** 69.9 1.82 (0.73e4.57)
** 79.3 6.11 (3.25e11.5)*** 76.4 2.55 (1.03e6.31)*
68.4 e 71.3 e
81.5 2.04 (1.23e3.38)** 73.1 1.09 (0.54e2.20)
72.9 e 60.0 e
70.3 1.14 (0.71e1.82) 80.0 2.66 (1.33e5.35)**
68.4 e 64.5 e
77.2 1.56 (1.01e2.44)* 84.0 2.89 (1.36e6.40)**
71.4 e 73.5 e
90.9 4.01 (1.01e17.0)** 71.4 0.90 (0.17e4.83)
n; vitamin A deficiency Z vitamin A < 0.70 mmol/L; vitamin D
E < 7.0 mmol/L; VLBW Z very low birth weight.
200 S. Fares et alparameters for deficiency used to categorize infants are
based on standard child cut-off values that may be un-
suitable for neonates. Because infant specific cut-off points
were not available, we opted for low child-specific cut-off
points. In the literature, similar and even higher cut-off
points were already used to categorize vitamin deficiencies
in infants.6,13 The estimates of the prevalence of vitamin
deficiencies would have been much higher in these infants
if we used higher cut-off points.
In summary, vitamin A, E, and D deficiencies are very
common in Tunisian VLBW neonates of low to average so-
cioeconomic rank. In addition to the mechanisms related to
prematurity, inadequate vitamin intake, reduced sunlight
exposure, and high prevalence of pre-eclampsia in mothers
contributed to this high rate. Sustained efforts should be
undertaken to combat vitamin deficiencies in neonates.
The strategy should include improvement of mothers’ di-
etary intake and sun exposure, and vitamin supplementa-
tion when needed, as well as a tight control of pre-
eclampsia and gestational diabetes. Vitamin supplementa-
tion in preterm infants would be reconsidered and doses
adapted according to populations’ standard of living and
socioeconomic rank. A higher dose of vitamin supplements
may be considered in high-risk preterm infants from the
underdeveloped world.
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